We encountered the Great East Japan Earthquake on March 11, 2011. The magnitude of the earthquake is 9.0 and it is one of the greatest from A.D. 1900 to now. The earthquake developed large tsunami and many people living on the pacific coast of east Japan died from lung disorder caused by near drowning with tsunami. We also encountered three cases of lung disorders caused by near drowning. All three were females, and two of them were old elderly. All segments of both lungs were involved in all the three patients, necessitating ICU admission and endotracheal intubation and mechanical ventilation. All three died within three weeks. In at least two cases, misswallowing of oil was suspected from the features noted at the time of the detection. Many bacteria were detected from the phlegm of two cases.
Introduction
As a result of a massive magnitude-9.0 earthquake that struck eastern Japan at 2:46 pm on March 11, 2011, an unimaginable tsunami developed and wreaked devastating damage on the Pacific Coast region from Aomori Prefecture to Chiba Prefecture. The energy of the earthquake was enormous, approximately 45 times the energy of the Great Kanto Earthquake of 1923 and approximately 1450 times the energy of the Great Hanshin Earthquake of 1995, and it even ranked 4th in scale among the earthquakes that have occurred worldwide since 1900.
The total number of dead and missing as a result of the earthquake exceeded 20,000, and more than 300,000 disaster victims were living in evacuation shelters. Three people who had been engulfed by the tsunami and rescued were taken to a local hospital, but because they had lapsed into serious respiratory failure as a result of near drowning, on the day after the disaster they were transported by helicopter to our facility inland.
Case 1
An 87-year-old woman. Past medical history: Pacemaker implanted for sinus node dysfunction. History of the present illness: She was engulfed by the tsunami that occurred on March 11, and was rescued. She was taken to a local general hospital, but her respiratory function was severely impaired, and after endotracheal intubation she left by helicopter shortly after 8 am the following day, March 12, and arrived at our center at 9:38 am. Status praesens: Consciousness level JCS300 and GCS4 (E1VTM2). The blood examination findings are shown in Table 1. The results of thoracic CT in the outpatient department are shown in Figure 1 . Hospital course: She was admitted to the ICU. She was placed on mechanical ventilation, and treated with injection of antibiotics (PIPC). But her respiratory function gradually deteriorated and blood pressure slowly dropped, and she died of respiratory dysfunction at 7:05 am on March 13. It was impossible to contact the patient's family, and her remains were placed in the hospital morgue. The following day, March 14, the family came to the hospital and removed her remains.
Case 2
An 86-year-old woman. Past medical history: Bilateral eye surgery for cataracts. History of the present illness: She was engulfed at home by the tsunami that occurred on March 11. The family returned home and discovered the patient in cardiopulmonary arrest. They performed cardiopulmonary resuscitation, and because the patient started breathing again, they took her to a local general hospital (her clothing smelled of kerosene). Because her respiratory function deteriorated, on March 12 she was brought to our center by helicopter and examined at 10:21. Status praesens: Consciousness level: JCS100 and GCS10 (E1V4M5). The blood examination findings are shown in Table 2 , and the X-p chest X-ray taken in the next day of admission is shown in Figure 2 . Endotracheal intubation was performed in the outpatient department, and the patient was admitted to the ICU. Hospital course: She was treated with injection of antibiotics (DRPM) and placed on mechanical ventilation, and 
Case 3
A 33-year-old female. Past medical history: None. Delivered her first child in January 2011. She was engulfed by the tsunami that occurred on March 11 and was rescued in a near-drowned state. She was transported to a local general hospital at 9:43 pm, but she was covered with heavy oil. Mechanical ventilation was instituted, but she was diagnosed as severely ill and transported to our center by helicopter at 12:40 pm the following day, March 12. Status praesens: Her consciousness level was 1 (JCS) and E4VTM6 (GCS), and it was even possible to communicate by written messages. Numerous bruises and abrasions were observed on her face, trunk, and both lower limbs. The blood examination findings are shown in Table 3 , and the X-p chest X-ray taken in the next day of admission is shown in Figure 3 . After treatment in the outpatient department, the patient was admitted to the ICU. Hospital course: She was treated with injection of antibiotics (MEPM) and placed on mechanical ventilation. Initially, a FiO 2 1.0 was used, however, her SpO 2 was 100, and the FiO 2 was reduced to 0.5 the next day and to 0. 
Discussion
The Great East Japan Earthquake is often compared to the Great Hanshin Earthquake that occurred in 1995, but the situations were quite different. Of course, there were differences in the time and place of occurrence and in their scale, but the greatest difference was in the mechanism of the disaster. There were 6434 deaths in the Great Hanshin Earthquake, however, because it occurred when most of victims were asleep in the early hours in midwinter, the cause of approximately 80% of the deaths was asphyxia or crushing by residences or buildings that had collapsed. By contrast, the cause of most of the deaths in the Great East Japan Earthquake was drowning as a result of engulfment by the giant tsunami that followed. According to the announcement by the National Police Agency on April 19, 13,154 bodies had been recovered during the month to April 11, and 11,026 of them had been identified. The results of the analysis of the 13,135 in which a postmortem examination had been com-pleted showed that drowning was the cause of death in 12143, accounting for 92.5% of the deaths. Examination of the data for Miyagi Prefecture, Iwate Prefecture, and Fukushima Prefecture, the three prefectures with the largest numbers of deaths, revealed that the following percentages of deaths were due to drowning: Miyagi Prefecture, 95.7%; Iwate Prefecture, 87.3%; and Fukushima Prefecture, 87.0%. In addition to the drownings, there were 148 deaths from burns (1.1%), 578 deaths (4.4%) from crushing, injuries, and other causes, and 266 (2.0%) from unknown causes. In Iwate Prefecture 1.6% of the deaths were from burns, and in Fukushima Prefecture 12.6% were from crushing, injuries, and other causes. The deaths from burns were due to fires caused by the tsunami, and they were most common in the areas where the fires were the fiercest, such the city of Kesenuma in Miyagi Prefecture and the town of Otsuchi in Iwate Prefecture. In addition, many of the crushing deaths and deaths from injuries appeared to have been due to being pinned under residences that had collapsed as a result of the tsunami and to collisions with debris while drifting. An analysis of the 11,108 remains whose sex and age had been determined showed that 7036 were female and 5971 male, and the most common age group was 70 -79 years old (2663, 24.0%), followed by 80 years old and over (2454, 22.1%), and 60 -69 years old (2124, 19.1%), with those 60 years old and over accounting for 7241, or 65.2%. The near drownings consisted of near drownings caused by freshwater when they occurred in rivers or lakes (or in bathtubs, pools, etc.), and, mostly, of near drownings caused by saltwater when they occurred in seawater, and the differences between them are said to be attributable to the osmotic pressure exerted by the salt in seawater. Recently, however, the prevailing opinion is that large enough volumes of water to cause electrolyte abnormalities in the body seldom enter the lungs, and that the differences between freshwater and saltwater do not have much impact [1] [2] . Nevertheless, near drownings caused by the tsunamis appear to differ even more from simply near drowning in saltwater, and that appears to be because the seawater that sweeps over the land during tsunamis assails people as it engulfs a variety of objects on land (earth and sand, buildings, vehicles, sewage, fats and oils, etc). As a result, the seawater that enters the lungs also contains a variety of substances, and they appear to make the pathology complicated. The substances thought to be mostly involved are fats and oils. Various types of fats and oils cover the surface of seawater as a result of tsunamis: kerosene from homes, gasoline and light oil from motor vehicles and ships, heavy oil from ships and factories, and even petroleum from stockpiles along the coast. When people who are engulfed by a tsunami try to breathe, they try to rise above the surface of the sea (or in terms of specific gravity, they float), and when they do they aspirate the fats and oils on the surface of the water. When fats and oils enter the lungs they induce serious chemical pneumonitis, and the pathology appears to be made even more serious when infectious pneumonia caused by contaminated seawater is added to it. In all three cases described above, the patient was female, and based on the circumstances at the time they were discovered, swallowing of fats or oils was postulated in at least two of them. Aeromonas species and Burkholderia pseudomallei are said to be the most common causative organisms of the bacterial pneumonia that develops as a result of near drowning in fresh water, Francisella philomiragia in seawater, and Pseudallescheria boydii and Pseudomonas aeruginosa in polluted water [3] . There is also a report of saving the lives of patients who nearly drowned as a result of the Okushiri Island tsunami of 1994 [4] . Stenotrophomonas maltophilia, formerly known by the name Xanthomonas maltophilia, was detected in two of the three patients we treated. It is a glucose-non-fermenting gram-negative bacillus that is widely distributed in the natural world, and it is a multiple-drug resistant and multiple-disinfectant resistant bacterium. Moreover, because it produces metallo-β-lactamase chromosome dependently, it exhibits natural resistance to carbapenems, cephamycins, etc. The antibiotics we used to treat both patients happened to be carbapenems. As a result, it was postulated that worsening of the infection by Stenotrophomonas maltophilia that proliferated as a result of bacterial substitution because the carbapenems had been used was a factor that led to their respiratory status again deteriorating after it had improved following their hospital admission, and to their death.
Conclusion
We treated three cases of near drowning as a result of a tsunami. Prevention of drowning is only escaping from tsunami. The outcome was fatal in all three cases, but the fact that the rapid helicopter transport based on the lessons learned in the Great Hanshin Earthquake was temporarily successful also should be evaluated. Moreover, we think that we have definitely provided a clue to the selection of antibiotics that may cause infection by replacement bacteria in the treatment of this severe pneumonia. If drowning of tsunami is encountered, we should choose not carbapenem but new quinolone and tetracycline for antibiotic treatment.
